INTRODUCTION {#sec1-1}
============

Attached gingiva is the portion of gingiva that extends between the mucogingival junction (MGJ) and free gingival groove.\[[@ref1]\] This provides protection for periodontium and helps in maintaining the gingival margin at a stable position. Attached gingiva also minimizes the effect of functional forces which are applied by muscle fibers onto gingival tissues. Therefore, it plays a significant role in preserving the health of gingiva.\[[@ref2]\]

The minimum required dimensions of attached gingiva needed for gingival health are a controversy.\[[@ref3]\] Nabers in 1966,\[[@ref4]\] Lang and Loe in 1972,\[[@ref5]\] Ochsenbein and Maynard in 1974,\[[@ref6]\] and Matter in 1982 stated that the presence of adequate attached gingiva is necessary to maintain gingival health.\[[@ref7]\] However, Lindhe and Nyman in 1980\[[@ref8]\] and Freedman in 1992\[[@ref9]\] refuted the concept and concluded that the gingival health can be maintained independent of the dimensions of attached gingiva. Despite such a controversy, various techniques are employed for augmenting the width of attached gingiva, which includes Nabers in 1954,\[[@ref10]\] pushback technique by Goldman *et al*. in 1956,\[[@ref11]\] complete denudation and periosteal separation by Bohannan in 1962,\[[@ref12][@ref13]\] apical repositioned flap by Friedman in 1962,\[[@ref14]\] and free gingival graft (FGG) by Bjorn in 1963.\[[@ref15]\] Of these, most commonly used techniques include apically repositioned flap and FGG, which have various disadvantages such as apically repositioned flap technique left 3--5 mm of denuded bone in the coronal portion which has a risk of bone resorption.\[[@ref7]\] Moreover, although FGG technique is considered the gold standard for gingival augmentation procedures, Agarwal *et al*.\[[@ref16]\] and Carnio *et al*.\[[@ref17]\] in 2015 stated several disadvantages in FGG technique such as postoperative discomfort, poor color match, and donor site morbidity.

To overcome these disadvantages, Carnio and Miller in 1999 described the modified apically repositioned flap (MARF) technique for increasing the width of attached gingiva for single tooth and perceived advantages includes ease of execution, predictable color match, decreased surgical time, and no need of the second surgical site.\[[@ref18]\] Recently, Carnio and Camargo in 2006 have proposed MARF technique for multiple teeth.\[[@ref19]\] Despite the fact that MARF is apparent and simple technique, the prerequisite factor should be a minimum of 0.5 mm of attached gingiva for performing surgery. This case series describes three cases in which augmentation of attached gingiva was done by MARF technique.

CASE REPORT {#sec1-2}
===========

Three patients with an inadequate zone of attached gingiva were selected from the outpatient department of periodontics and implantology. Written informed consent was obtained from all three patients. Patients who were unable to perform routine oral hygiene measures, smokers, individuals with dehiscence and fenestration, bleeding tendencies, pregnancy/lactation, and immunocompromised patients were excluded from the study. Phase I therapy was performed for all the patients and postprophylaxis instructions were advised. At baseline, the clinical parameters such as the probing depth (PD), the width of keratinized tissue (KT), and the width of the attached gingiva were recorded \[Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. When measuring apicocoronal dimension, the MGJ was visualized by Lugol\'s iodine solution. The PD subtracted from the total width of keratinized gingiva gives the dimension of attached gingiva. The apicocoronal distance from MGJ to the gingival margin is the width of KT. PD was measured using the University of North Carolina-15 periodontal probe from the gingival margin to base of the sulcus.
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Modified apically repositioned flap procedure {#sec2-1}
---------------------------------------------

The surgical procedure was performed according to the protocol given by Carnio and Camargo in 2006.\[[@ref19]\] After administration of local anesthesia, no. 15 Bard-Parker blade was used to give a horizontal bevel incision with its bevel away from the crest of alveolar bone, and this incision was given at a distance of 0.5 mm from MGJ toward attached gingiva so that this tissue remains intact with flap. To avoid the vertical releasing incisions, a horizontal incision was extended mesiodistally parallel to MGJ till the midbuccal region of the adjacent teeth. A partial-thickness flap was raised so that the flap can be moved apically and simple interrupted absorbable sutures with Vicryl 4-0 were placed for securing the flap to the periosteum. For preventing dead space between the flap and periosteal bed, a gentle finger pressure was applied and the periodontal pack was placed. The surgical procedure is depicted in Figures [5](#F5){ref-type="fig"}--[7](#F7){ref-type="fig"}.
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Postoperative care {#sec2-2}
------------------

Postoperative instructions and medications were given to all the patients. Amoxicillin (500 mg thrice daily for 5 days) and aceclofenac (100 mg thrice daily for 3 days) were given. Patients were instructed to avoid brushing, flossing, manipulating the surgical site with tongue, lips, and fingers for 6 weeks and use 0.12% chlorhexidine mouthrinse twice daily for 3 weeks. Suture removal was done after 2 weeks. All the clinical parameters were recorded at 6 months \[Figures [8](#F8){ref-type="fig"}--[11](#F11){ref-type="fig"}\].

![Postoperative view after 6 months (Case 1)](JISP-23-172-g008){#F8}

![Postoperative width of keratinized gingiva (Case 1)](JISP-23-172-g009){#F9}

![Postoperative width of keratinized gingiva in relation to 34 at 6 months (Case 2)](JISP-23-172-g010){#F10}

![Postoperative width of keratinized gingiva in relation to 43 at 6 months (Case 3)](JISP-23-172-g011){#F11}

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} represents the differences in clinical parameters from baseline to 6 months in the three cases. Mean change in the PD, the width of KT, and the width of the attached gingiva were 0.15 mm, 3.66 mm, and 3.91 mm, respectively, from baseline to 6 months.

###### 

Changes in the clinical parameters from baseline to 6 months

  Cases   Clinical parameters at baseline and at 6 months                            
  ------- ------------------------------------------------- ------ ------ --- ------ ------
  1       1.16                                              2      1      1   6.5    5.5
  2       1                                                 2.25   1.25   1   6.25   5.25
  3       1.29                                              2.5    0.75   1   5      4

DISCUSSION {#sec1-4}
==========

The attached gingiva plays an important role in protecting periodontal structures as it is composed of keratinized epithelium and dense collagen fibers which provide resistance to mechanical trauma caused by improper brushing technique and facilitate plaque control.\[[@ref19]\] When the width of attached gingiva is inadequate, subgingival plaque accumulation occurs because of improper pocket closure and causes loss of attachment and gingival recession due to an apical spread of inflammation. Hence, to maintain periodontal health, an adequate zone of attached gingiva is required. Usually, compared to posteriors, incisors have a greater width of attached gingiva and the premolars have the least width. According to Maynard *et al*. in 1979, physiological dimensions of about 5 mm of KT with 3 mm of attached gingiva are needed for maintaining gingival health when planning for subgingival restorations.\[[@ref20]\] Hall stated that areas with \<2 mm of attached gingiva should be monitored for active recession.\[[@ref21]\] *In situ* ations where there is a lack of attached gingiva, a variety of surgical procedures are employed to augment the width of attached gingiva.\[[@ref2]\] A rationale for selecting MARF in this case series was that it increases the apicocoronal dimension of attached gingiva with minimal trauma and color match with adjacent tissues.\[[@ref22]\]

Lugol\'s iodine solution was used to visualize the changes in the attached gingiva which eliminates the interoperative discrepancy. If the distance between the bottom of the pocket and the crest of the bone is \>2.0 mm, MARF technique is not advisable, as there is a chance of postoperative recession to occur because of the bone dehiscence.\[[@ref17]\]

In the postoperative follow-up period of 1 week to 10 days, there is a healthy granulation tissue over the surgical site and was minimally painful for the patients. By the end of 1 month, the treated areas were covered with tissue that was similar to adjacent tissue in terms of color and consistency and became clinically indistinguishable by 6-month follow-up.

In the present case series, a mean change in the PD, width of KT, and width of the attached gingiva was 0.15 mm, 3.66 mm, and 3.19 mm, respectively, and the width of attached gingiva was increased from an average of 1 mm to 4.91 mm from baseline to 6 months. This change was attributed to the fact that epithelial cells on the wound edges will migrate over exposed periosteum. As the surgical area is surrounded by KT, this serves as a source of cells of keratinized phenotype and prevents nonkeratinized epithelial cells originating from the oral mucosa proliferating onto the surgical area. The connective tissue and keratinized epithelial cells surrounding the wound migrate from the margins to cover the exposed surgical site, resulting in augmentation of the attached gingiva.\[[@ref23]\]

Carnio and Miller *et al*. in 1999 conducted a study at 54 single buccal areas with a postoperative follow-up of 72 weeks. This study demonstrated that MARF is an effective method to create new KT for use as a donor site for lateral pedicle flap and can be used as a marginal collar; this prevents marginal tissue recession.\[[@ref18]\]

Similarly, Carnio in 2014 showed a gain of KT at donor site before performing laterally positioned flap procedure from 2.78 to 5.07 mm at 8 weeks, and after performing lateral pedicle flap, the width of KT was maintained at 3.28 mm after a follow-up of 18 months.\[[@ref22]\]

Results of the present case series were in concordance with the studies conducted by Carnio *et al*. in 2006\[[@ref19]\] and 2007\[[@ref2]\] which demonstrated an increase in attached gingiva from baseline to 6 months with MARF technique. Carnio *et al*. in 2014 conducted a study to evaluate the ability of MARF to gain keratinized gingiva in the donor site before employing a laterally positioned flap and observed that width of keratinized gingiva increased from 2.75 mm to 5.01 mm after 8 weeks.\[[@ref22]\]

The limitation of MARF is that it requires the presence of ≥0.5 mm of attached gingiva preoperatively so that it allows the surgical wound to be completely surrounded by KT, which ultimately results in the production of the granulation tissue during healing.\[[@ref2]\] However, recently, Carnio *et al*. in 2017 conducted a clinical and histological evaluation of attached gingiva using MARF and concluded that even in the areas that lack KT, MARF technique can be done for augmenting attached gingiva.\[[@ref24]\]

CONCLUSION {#sec1-5}
==========

MARF is a reliable technique to increase the width of attached gingiva. MARF is a simple surgical procedure when compared to other mucogingival procedures for gingival augmentation. It offers considerable advantages such as good esthetic results and no requirement of a second surgical site. MARF can be used as an alternative to other invasive procedures such as FGG with comparable and reliable results and minimal patient discomfort. Within the limitations of this study, MARF technique has shown predictable results by increasing the width of attached gingiva in a 6-month follow-up period. Definitely, more number of cases are needed to ensure the predictability and success of this technique.
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